Abstract Anthropomorphic changes in land use have extensively modified natural forests in the European countries over the twentieth century. This yielded a decline in the number of plant species and fragmentation of their populations. Understanding of the impact of land use changes on the spatio-temporal dynamics of forest species is essential to the ecological sustainability of the natural forests in the region. In this study, we examined the spatiotemporal dynamics of Q. faginea forests in the Central PrePyrenees (Spain) over period from 1957 to 2006. Gains and losses in Q. faginea forests were quantified by means of construction of matrix of changes. Patch fragmentation, isolation, and irregularity were assessed using a set of standard landscape metrics. Also, the probable factors influencing these changes were identified employing three statistical models. The univariate generalized additive model (GAM) was used to explore the nature of the relationship between the response and predictor variables. The Bayesian model averaging (BMA) and the adaptative regression mixed with model screening (ARMS) were employed to identify the most important factors affecting changes in Quercus faginea forests. The results of this research revealed substantial changes in the spatial patterns of Q. faginea forests in the Central Pre-Pyrenees over the last 50 years. These changes have been clearly reflected in noteworthy increase of fragmentation, isolation degrees, and patch irregularity. Changes in the spatial patterns of Q. faginea forests were particularly driven by the vast introduction of pine plantations and the former deforestation, associated with increasing the amount of croplands and pastures. In addition, roads acted as attractors for changes in land use and deforestation, which influenced strongly the spatial variability in Q. faginea forests. Therefore, the long-term sustainability of these forests largely depends on the landscape conservation, where this species occurs. Moreover, an improvement in the integrity and connectivity of the remaining patches of native Q. faginea forests is still demanded.
Introduction
In forest management, there is great interest in gearing objectives and strategies to the dynamics of natural forests (Rademacher et al. 2004) . Forest management strives to use natural processes within forests to optimize the environmental services and minimize the impact of disturbances on them (Rademacher et al. 2004) . Researchers have shown that changes in land use are the primary causes of disturbances in natural forests (Ewers et al. 2006; Freitas et al. 2010; Kobayashi and Koike 2010; Rhemtulla et al. 2009 ). The effects of changes in land use can vary depending on environmental conditions such as site conditions, slope, and aspect (Gracia et al. 2002) . The type and intensity of changes in land use influence the extent of habitat loss, degradation and fragmentation, with natural vegetation patches embedded within an anthropogenic matrix (Pueyo and Alados 2007) . Habitat fragmentation involves reduction of patch size and increases the isolation among them. Consequently, local populations become restricted to small, isolated habitat patches and vulnerable to extinction (Sawchik et al. 2002) . In particular, Europe's countryside has undergone significant land use changes throughout its history (Plieninger and Schaar 2008) . The rate and magnitude of these changes have greatly accelerated during the second half of the twentieth century. (Barbero et al. 1990; Maltez-Mouro et al. 2009 ). These rapid changes have modified substantially the natural forests (Suc 1984) .
The magnitude of changes in land use cover and their driving factors are relatively well studied (Aspinall 2004; Callaway and Davis 1993; Kobayashi and Koike 2010; Rutherford et al. 2008 ). Nonetheless, due to limitations in historical data on the distribution of forest species, their spatio-temporal dynamics and the forces acting at a regional spatial scale have received limited attention (Guirado et al. 2008; Vicente-Serrano et al. 2010) .
Most studies have indicated that anthropogenic disturbances are the most important factors influencing the dynamics of oak forests in the Iberian Peninsula (Rodà et al. 1999) . Among the oak forests, the semi-deciduous oak (Quercus faginea) is common in mature communities of the Eurosiberian-Mediterranean transitional belt (Villar-Salvador et al. 1997) . In Spain, this species is present in most parts of the country and its most valuable forests occur in the northeast (Pre-Pyrenees). Q. faginea is a shade-tolerant oak that grows in a wide range of substrates, topographic locations, and climatic conditions (Sancho et al. 1998 ), but it prefers base-rich soils and ombroclimates of a sub-humid type (Rivas-Martínez 1987) . Since antiquity, the Q. faginea forests of the Central Pre-Pyrenees have undergone severely intensive harvesting as a source of timber and fuel wood (Sancho et al. 1998 ). In the nineteenth and the early twentieth centuries, an increase in the human population amplified the need for arable lands and pastures. Q. faginea forests were harvested to increase the amount of arable lands available for the production of food, including the grazing of livestock for supporting the growth of human population (Kouba et al. 2010) . Recently, the proliferation of conifer plantations, especially Pinus sylvestris and P. nigra, has drastically changed the structure and composition of forests (Amo et al. 2008) to the detriment of Q. faginea and other indigenous forest species. Populations of Q. faginea have become fragmented and isolated, accompanied by a decrease of the area they occupy.
In this study, we examined the spatiotemporal dynamics of Q. faginea forests in the Spanish Central Pre-Pyrenees between 1957 and 2006. The objectives were (1) to quantify gains and losses in Q. faginea forests between 1957 and 2006, (2) to assess patch fragmentation, isolation, and dynamic of patch irregularity, and (3) to identify the factors affecting changes in the Q. faginea forests. To quantify gains and losses in Q. faginea forests, we constricted a matrix of changes. To assess patch fragmentation, isolation, and dynamic of patch irregularity, we used a set of standard landscape metrics. To identify the factors affecting changes in Q. faginea forests, we used three statistical models (GAM, BMA, and ARMS, see below). The study pictured an example of Iberian forests that are highly sensitive and vulnerable to changes as consequence of centuries of human land use changes which affected forests resilience to different disturbance levels (Vicente-Serrano et al. 2010 ).
Materials and methods

Study area
This study occurred within a 1,363 km 2 area of the Central Pre-Pyrenees, Spain, between 42.32 N to 42.11 N and 0.31 W to 0.04 W, with elevation varying widely (from 500 m in the inner depression to [2,000 m at the highest peaks). The area is located in a climate transition zone between Atlantic and Mediterranean. In the inner depression, mean annual precipitation is 500 mm, but it is higher elsewhere and, above 1,500 m it is [1,000 mm. The rainfall is highly seasonal and the rainy season occurs between October and June. At the lowest elevations, mean annual temperature varies between 9°C and 11°C while at the highest elevations (C1,500 m), it is 6°C. In the cold season (November-April), the 0°C isotherm occurs at 1,650 m (Lasanta-Martínez et al. 2005) . The lithological substrate of the area is dominated by conglomerate, limestone, marl, and sandstone. Moreover, there is a variety of land covers and uses including natural woodlands of P. sylvestris, P. nigra, Fagus sylvatica, Q. ilex, and Q. faginea, shrublands of Q. coccifera and Buxus sempervirens, artificial plantations of P. sylvestris and P. nigra, mono-cultural farmland (i.e., arable farmland), pastures (xeric pastures and subalpine pastures), urban areas, and abandoned farmland. The study area had an abundant shrub understory (e.g., Acer monspessulanum, Genista hispanica, Amelanchier ovalis, Genista scorpius, and Carex halleriana) and is typical of a rural area having a fragmented forest. The area contained a mosaic of low-density housing developments close to patches of forest and cropland. In the second half of twentieth century, major changes in land use occurred in the area (Lasanta-Martínez et al. 2005) because of agricultural mechanization and intensification, the introduction of pine plantations which have led to forest fragmentation, and the abandonment of cropland and pastures which has led to forest regrowth (Lasanta-Martínez et al. 2005; Vicente-Serrano et al. 2010 ).
Distribution maps of Q. faginea
To study the spatio-temporal dynamic of Q. faginea forests, we created maps of Q. faginea distribution in the study area during 2006 and 1957. Those years were chosen because the interval between them is likely sufficient for the detection of significant changes in the distribution of Q. faginea. In addition, that interval represents a period in which significant changes in land use occurred in the Central Pyrenees (Lasanta-Martínez et al. 2005) . The 2006 map was derived from the Third Spanish National Forest Inventory map (IFN3) (MMA 2007) . In the IFN3 map, the three principal tree species were considered for each patch and classified as either the first, second, or third most dominant tree species based on a field visual estimate of the proportional coverage of each species in the patch. All patches, in which Q. faginea was among the three most dominant species, were used to create the distribution map of this species within the study area. Overall, the contribution of Q. faginea to patches varied from 20% (in the patches where Q. faginea was the third most dominant species) to 90% (in the patches where it was the most dominant species). The distribution map was imported into a GIS for further processing, including correcting the edges of patches and the removal for each patch of the areas where Q. faginea was absent. This process was done by visual inspection of ortho-rectified, 0.5-m-resolution aerial photographs (1:30,000) from the Spanish National Plan of Aerial Orthophotographs (IGN 2006) . The accuracy of the final map (96%) was quantified by sampling 200 random points and calculating confusion matrices (Congalton 1991) . The 1957 map was produced by visual interpretation of the aerial photographs of the United States Army from 1956 to 1957 provided by Spain's Centro Cartográfico y Fotográfico del Ejército del Aire. The 1957 aerial photographs were taken on panchromatic film with a scale of 1:32,000 and were obtained as 24 9 24 contact prints. A total of 170 contact prints covering the study area were scanned into digital format at a resolution of 1,000 dpi, and then geo-referenced with the software Topol 9.5, using 12 ground control points per photograph, for a final resolution of approximately 0.5 m. However, it is worthwhile indicate that the polygons defined in the 2006 map were used, as a guide, to locate the Q. faginea forest patches in the 1957 aerial photographs by means of the overlapping tool in GIS environment. It should be noted that a minimum mapping unit of 0.1 ha per patch was defined in both maps (Fig. 1 ).
Change analysis
Based on published scientific literature (Molinillo et al. 1997; Montserrat 1990 ) and our interpretation of the aerial photographs, we assumed that only patches that were occupied by shrubland in 1957 could have converted to Q. faginea through natural vegetation succession by 2006; therefore, the patches of shrubland were included in the 1957 map. By 2006, however, the patches that were occupied by Q. faginea in 1957 might still be Q. faginea or had been converted to other land uses. Visual inspection of the 1957 and 2006 photographs revealed that some patches of Q. faginea had been converted to croplands, pine plantations, or shrublands, and this information was included in the 2006 map. The changes in Q. faginea forests were mapped by overlaying maps from 1957 and 2006. Changes map was summarized by calculating change rates (probabilities of change) and the area covered by each change class ( Table 1 ). The probabilities of change were calculated using the following formula:
where P ij is the probability that a section changes from class i to class j, A j 2006 is the area of the class j in 2006, and A i 1957 is the area of the class i in 1957. Three types of change were defined (1) gain (i.e., i = {shrubland} and j = {Q. faginea forest}), (2) loss (i.e., i = {Q. faginea forest} and j = {pine plantation, shrubland, cropland}), (3) remnants (no change) (i.e., i = {Q. faginea forest} and j = {Q. faginea forest}). To avoid errors arose from misregistration between two dates, only changes classes covering an area more than 0.1 ha were considered. distance (m) (the average of the nearest distances between the edges of Q. faginea patches); (5) Total patches edge length (km) of all Q. faginea patches; (6) Mean perimeterto-area ratio (the mean of the ratio of perimeter (m) to area (m 2 ) of all Q. faginea patches). Most of these metrics have been applied in diverse forest fragmentation studies (Echeverria et al. 2006; Sitzia et al. 2010; Teixido et al. 2010) , and have enabled the assessment of spatial attributes in fragmented landscapes.
Number of patches was used as a proxy of patch subdivision, i.e., an increase in the number of Q. faginea patches means that some of them were broken up into separate patches (fragments). Mean patch size and total area, were used for the assessment of patch fragmentation and loss, a decline in these metrics involves an increase of patch fragmentation and loss. In the same way, mean patch distance was used as a measure of patch isolation, i.e., used to compare the degree of isolation among Q. faginea patches between 1957 and 2006. Finally, total patches edge length and mean perimeter-to-area ratio were used to assess the dynamic of irregularity of Q. faginea patches (i.e., patch-shape complexity).
The following equation quantified the relative change (R) of each index:
where A 2006 and A 1957 are the number of patches, mean patch size, total area, mean patch distance, total edge length, or mean perimeter-to-area ratio in 2006 and 1957, respectively.
Statistical analysis
Dependent and independent variables
The response variables were derived by reclassifying and dividing the changes map in two binary maps. One map displayed the gains in Q. faginea forests (i.e., gain/no gain) and the other one displayed the losses in Q. faginea forests (i.e., loss/no loss). (Carmel and Kadmon 1999) , and elevation strongly influences temperature and rainfall in mountains (Barry 1992) . Thus, elevation is often a proxy for climatic gradients (Gallego Fernández et al. 2004; Pueyo and Beguería 2007) . Slope gradient influences hydrological and erosion processes in the soil (Florinsky et al. 2002) and insolation influences soil-vegetation, evapotranspiration and, therefore, soil water content, and it might have a significant effect on the spatial dynamic of Q. faginea. Number of frost days per year is postulated to have a direct influence on the establishment and distribution of plant species (Coudun et al. 2006) .
The extensive pine plantations that were created in the area within the last 50 years might have influenced the distribution of Q. faginea; therefore, distance to the nearest pine plantation (Distance_plant) was included in the analyses and calculated in a GIS using the straight line distance function. Distance to the nearest village (Distance_village) and distance to the nearest road (Distance_road) were measures of the intensity of human activity; activity is more likely to occur close to these structures. The road map in the study area was digitized on 2006 aerial photographs. The road network map of Aragón (CITA 2010) was used to identify the roads locations (all road types of this map were considered, i.e., primary, secondary, and unpaved roads). The distance to the nearest road was quantified using the straight line distance function in the GIS. Similarly, the distance to the nearest village was derived from a map of settlements in Aragon (CHE 2009). To assess the extent to which livestock and agricultural activities affected the spatiotemporal dynamics of Q. faginea between 1957 and 2006, cost distance to the nearest pasture (Cosdistance_pasture) and cost distance to the nearest cropland (Cosdistance_crop) were derived from a CORINE Land Cover map and included in the analyses. Maps of the cost distance to the nearest pasture and cropland were measures of transportation costs, i.e., calculate the least accumulative cost for moving from the source pixel (in this case pasture or cropland) to each of other pixels using slope as cost layer. The cost increase with an increasing of slope values up to 35°, beyond this steepness, areas were considered inaccessible to man and livestock (Kouba et al. 2010) . All maps were subset to identical extents at a spatial resolution of 20 m. Moran's I correlogram (Legendre and Legendre 1998 ) was used to assess the spatial autocorrelations (SAC) of the dependent variables. If present in the data, SAC violate the assumption about the independence of residuals and call into question the validity of hypothesis testing (Dormann et al. 2007 ). Moran's I correlogram show a decrease from some level of SAC to a value of 0 (or below), indicating no SAC at some distance between pixels. In our study, the SAC declined monotonically above a lag of 10 pixels (*200 m) in the map of gain and 12 pixels (*240 m) in the map of loss; therefore, a length of 300 m was used as a minimum threshold in extracting pixels (Millington et al. 2007 ). The selected sample (i.e., extracted pixels) of the response variables values was intersected with the corresponding values of the 10 predictor variables layers and the resulting dataset was imported into R (R Development Core Team 2009) for statistical analyses.
Statistical models
To examine the effect of each predictor on each of the dependent variables, we first used generalized additive models (GAM; Hastie and Tibshirani 1990). We created a univariate GAM model for each potential predictor variable and each of the two binary dependent variables, i.e., gain/no gain and loss/no loss, and selected the best predictors from these models based on their statistical significance and explained deviance (D 2 ) (Rutherford et al. 2008) . To determine whether the dependent variable exhibited a linear or a non-linear response to the predictor variable, the smoothed function was plotted for each univariate GAM model (Guisan and Zimmermann 2000) . If the response of the dependent variable to the predictor is non-linear, the quadratic terms should be included in subsequent analyses. When there is curvature in the trend, the inclusion of the quadratic term increases the precision of the linear term estimation (Hair et al. 1998) . In order to avoid the strong correlations between the linear and quadratic terms, the input variables were ''centered'' by subtracting the sample mean from all values before being squared (Schielzeth 2010) .
Collinearity was detected in the predictor variables using the Pearson correlation coefficients, with a threshold of 0.8 (Menard 2002; Rutherford et al. 2008) . If Pearson correlation coefficient between two independent variables exceeded 0.8, one of the variables was excluded from the analyses. The final models were generated using Bayesian model averaging (BMA; Madigan and Raftery 1994) and adaptative regression by mixing with model screening (ARMS; Yuan and Ghosh 2008) , which deal with uncertainty in the selection of models and add inference about the most important predictor variables. BMA uses Bayesian information criterion (BIC) to find good candidate models for inclusion in the final model (Hoeting et al. 1999) . ARMS involves the following main steps (Morfin and Makowski 2009): (1) the sample is split into a training set and a test set; (2) each model is fitted by least square or maximum likelihood; (3) a set of models is selected based on Akaike's information criterion (AIC) and Bayesian information criterion (BIC); and (4) the response values are predicted in the test set using the fitted models obtained from the training set. The models are weighted using likelihood ''likeli'' or Akaike's information criterion ''AIC''. BMA and ARMS models were fitted using the predictor variables that had significant predictive power in the univariate GAMs and were not correlated with other predictor variables. The overall fit of the BMA and the ARMS was evaluated using the received operating characteristic (ROC) curve (Hanley and McNeil 1982) . The area under the curve (AUC) was calculated using fivefold cross-validation (Millington et al. 2010) . BMA, ARMS, and AUC were implemented using the MMIX package (Morfin and 
Results
Gains, losses, and fragmentation of Q. faginea forests
In the Central Pre-Pyrenees of Spain, the total area occupied by Q. faginea forests decreased by *9% between 1957 and 2006. In 1957, Q. faginea forests covered 7% (9,149 ha) of the study area, but by 2006, they were reduced to 6% (8,336 ha) of the area. The changes matrix (Table 1) revealed that Q. faginea forests gained 626 ha in some areas through natural transitions from shrubland to Q. faginea forests and lost 1,438 ha in others. The transition to pine plantations and shrubland was the most important source of losses in Q. faginea forests: *924 ha were converted to pine plantations and * 390 ha to shrubland. Moreover, the changes matrix revealed that *125 ha of Q. faginea forests were converted to cropland.
In the study area, the number of patches of Q. faginea forests increased from 104 in 1957 to 118 in 2006 (*13.5%) ( Table 1 ). In 1957, 30 patches (29%) [100 ha contributed [81% of the total Q. faginea forests. By 2006, the number of large patches ([100 ha) was 24, while the total area occupied by these patches was *70% (Fig. 2a,  b) . The number of small patches (\10 ha) decreased from 34 in 1957 to 30 in 2006, but the number of medium-sized patches (10-100 ha) increased from 40 in 1975 to 64 in 2006 (Fig. 2a) . In addition to the general decline in total patch area and the increase of number of patches, our results (Table 2) showed substantial changes in the spatial patterns of Q. faginea forests. These changes implied the reduction of mean patch size (from 87.7 ha in 1957 to 70.6 ha in 2006), the increase of mean patch distance (augmented by approximately 8.5% between 1957 and 2006), as well as the increase of total edge length and mean perimeter-to-area ratio by 3.6 and 14.65%, respectively.
Factors correlated with changes in Q. faginea forests
The univariate GAMs revealed that gains in Q. faginea forests were significantly (P \ 0.05) correlated with elevation, number of frost days ''Frost_days'', insolation, distance to the nearest road ''Distance_road'', cost distance to the nearest cropland ''Cosdistance_crop'', distance to the nearest village ''Distance_village'', elevation and distance to the nearest road explained the most deviance (Table 3) . Losses of Q. faginea forests were significantly (P \ 0.05) correlated with all land use variables and slope (Table 3 ). All variables that were significant (P B 0.05) in the univariate GAMs were included in the BMA and ARMS, except insolation, which was excluded from the gains model because it was highly correlated with elevation (data not shown), but the latter explained more of the deviance in the univariate GAM model (Table 3) (Table 4) . Millington et al. (2010) argued that only the variables that have a great probability of being in the best-candidate model are useful; therefore, here we considered only those predictor variables that had a [Pr (b vs = 0) C 0.90] in both BMA and ARMS as factors that have had a significant influence on the changes in the Q. faginea forests.
Greater expansion of Q. faginea forests in areas distant to roads, given the significant positive relationship between ''Distance_road'' and Q. faginea forests gains in both BAM and ARMS (Table 4) . Both BAM and ARMS indicated that the expansion of Q. faginea forests (i.e., the probability of gains) increased as elevation and number of days with frost decreased. Patches of Q. faginea forests close to pine plantations and those that were accessible from croplands, had the highest probability of loss, which was not unexpected because many Q. faginea forests had been converted to cropland and pine plantations. The probability loss of Q. faginea forests was high among patches that were close to roads, patches that were located in accessible areas to livestock from pastures, and those that were on gentle slopes (Table 4 ). Distance to the nearest village did not have a significant effect on the spatiotemporal changes in the Q. faginea forests. deforestation of -0.2% (calculated according to Puyravaud 2003) which is comparable to that estimated for other Iberian fragmented forests (e.g., Teixido et al. 2010; Plieninger 2006) . The reduction in Q. faginea forests was caused mainly by the replacement by pine plantations (especially P. sylvestris and P. nigra) and deforestation for increasing the amount of arable lands. Many studies argued that the native plants can be severely affected by the presence of introduced species, particularly, those that are characterized as fast growing and having dispersal abilities (e.g., Echeverria et al. 2006; Teixido et al. 2010 ). In the study area, most pine plantations were established during the second half of the twentieth century (Amo et al. 2008 ) and, currently, pine plantations occupy areas that once were occupied by native Q. faginea forests. Furthermore, the rapid growth rate of those pines impedes Q. faginea to colonize more areas particularly the mesic areas (Gracia et al. 2002; Pueyo and Beguería 2007) . Indeed, the Q. faginea forests in the Spanish Central Pre-Pyrenees were extensively deforested to increase the amount of arable land, especially for the cultivation of cereals (Lasanta-Martínez 1989) . In the study area, the land was divided into small holdings and traditional forest management practices involved clear cutting for the expansion of arable lands (Lasanta-Martínez 1989) . Some of the arable lands remain under cultivation, but most of them were abandoned after a few decades of exploitation. Part of abandoned lands were reforested by the Spanish forestry service, while the remainder has undergone natural re-vegetation (i.e., shrub encroachment) and transformed into shrubland (Molinillo et al. 1997; Montserrat 1990 ). The gains in Q. faginea forests that occurred in some areas were mainly due to the transition from shrub to forest as a result of natural succession. In our study, the number of Q. faginea forest patches increased and mean patch size decreased, as consequence of forest fragmentation, as it has been also reported in several other studies of fragmentation in temperate forests (Echeverria et al. 2006; Staus et al. 2002) and specifically, in other Spanish regions (Teixido et al. 2010 ). In the Central Pre-Pyrenees, six of the large patches of Q. faginea forests were subdivided and converted to many mediumsized patches, which both, increased the number of patches and decreased the mean patch area. The increase of the mean patch distance means that the patches of Q. faginea forests become more isolated in space. Similar results have been obtained in other forest fragmentation studies of the Iberian Peninsula (Teixido et al. 2010 ). In our case, the increase of the isolation degree among patches of Q. faginea was the result of widespread deforestation which caused the neighborhoods of patches of Q. faginea forests to become occupied rapidly by different types of land cover type (i.e., pine plantation, cropland or shrubland); consequently, patches of Q. faginea forests became spatially separated and less frequently contiguous. The results showed an increase in the total edge length and mean perimeter-to-area ratio, indicating the increase of patch-shape complexity, i.e., the patches of Q. faginea forests become more irregular and convoluted than before. These results are in agreement with the study of García et al. (2005) , who found a strong irregularity of the patches of oak forests in the Cantabrian forests. The increase of edge length and patch irregularity coupled with a decrease of mean patch size, reflect an increase in the magnitude of the edge effect, which, in addition to deforestation, might have been influenced by grazing pressure at the edge of patches (see below).
Effect of land use variables on Q. faginea forests changes
In the Central Pre-Pyrenees, land use variables had a significant elevated effect on the fragmentation and loss of Q. faginea forests. Similar result has been found in other studies carried out in fragmented forests (e.g., Rhemtulla et al. 2009; Teixido et al. 2010) . In the Central Pre-Pyrenees, most losses occurred in areas close to pine plantations or accessible from croplands. This result was evident since many areas of Q. faginea forests were converted to cropland and pine plantations. The high probability of Q. faginea forests loss in areas located near pastures and were essentially accessible to livestock, can be related to the grazing pressure. Grazing might have a negative effect on vegetation dynamics, hinder the expansion of woody vegetation (Callaway and Davis 1993; Carmel and Kadmon 1999; Wahren et al. 1994 ) and can hamper the development of edge vegetation (Palik and Murphy 1990) . In the study area, Q. faginea forests were harvested at some locations to increase the amount of arable land or used directly as ''dehesas'' system (Barbero et al. 1990; Montserrat 1990 ), i.e., a silvo-pastoral system with sparse Q. faginea and perennial grass layers. In these particular ecosystems, the high grazing pressures increase the acorns consumption and create abiotic conditions unfavorable for seedling establishment Díaz 2005, Plieninger 2006 ) which hamper the regeneration of Q. faginea, and therefore led to the disappearance of this species from those sites. At some areas, Q. faginea forests were burned to increase the amount of summer pasture (LasantaMartínez et al. 2005) but the reduction in the number of livestock has led to the abandonment of most pastures and, by 2006, they had been converted to pine plantations through reforestation or to shrublands through natural succession (i.e., shrub encroachment). The results of this study indicated that in the Central Pre-Pyrenees, most losses in Q. faginea forests occurred near roads. This finding was earlier reported in several countries, such as: New Zealand (Ewers et al. 2006) , the USA (Saunders et al. 2002) , and Brazil (Freitas et al. 2010) , where roads were a strong predictor of cumulative forest loss and fragmentation. In the Central Pre-Pyrenees, the general road network, established relatively early (1905 -1920 ) (Lasanta-Martí-nez et al. 2005 ) improved access to land and permitted new uses of the land, particularly, new croplands and pine plantations. Therefore, the roads were not a direct factor influencing the loss of Q. faginea forests, but they acted as attractors for changes in land use and deforestation. This fact influenced strongly the spatial variability in Q. faginea forests. Nevertheless, the expansion of Q. faginea forests was greater at sites far from roads, probably because these areas were inaccessible to humans and livestock. In those locations, the expansion of Q. faginea forests resulted from the natural transition of shrubland to forest. Apparently, the distance to the nearest village did not influence the spatiotemporal dynamics of Q. faginea forests, which indicates that the spatiotemporal dynamics of these forests were not affected directly by the rural activities of humans concentrated around village, more probably because of the human exodus that occurred in the region during the second half of the twentieth century.
Effect of topo-climatic variables on Q. faginea forests changes
The abiotic factors play a key role in determining vegetation dynamics in the Central Pyrenees (Barrio et al. 1997) . Gracia et al. (2002) have found a strong influence of the abiotic conditions (i.e., topography) on rates and patterns of succession in the mixed forests of P. nigra and Q. faginea. In our case, the negative correlations between gains in Q. faginea forests and both elevation and number of frost days per year are mainly attributed to the topographical characteristics of the Central Pre-Pyrenees. In particular, the total annual number of frost days is markedly higher in highlands than in lowlands. In highlands, freezing temperatures hinder the establishment and growth of seedlings of Q. faginea. Accordingly, in the Central Pre-Pyrenees, Q. faginea forests have expanded at lowlands with relative to highlands. Currently, almost all of the areas occupied by these forests are located between 450 m and 1,500 m of altitude (Kouba et al. 2010) . Furthermore, the results revealed a high probability of loss at sites with low slope. This can be explained by the earlier competition from agricultural activities. On gentle slopes, Q. faginea forests were harvested and the land was used for cereal cultivation (Lasanta-Martínez 1989) . These developments restricted Q. faginea to poor soils and stony hillsides (Kouba et al. 2010) . This finding suggests a difficulty in separating the possible role of abiotic factors from land use changes, as they are closely interrelated (Poyatos et al. 2003) .
Implication for conservation
Forest fragmentation can have negative genetic impacts, leading to the disruption of species breeding system (Young et al. 1996) even in the wind-pollinated species (e.g., Q. faginea and Fagus sylvatica). For example, Jump and Peñuelas (2006) have found that forest habitat fragmentation in the European beech (Fagus sylvatica) has led to significant elevated levels of inbreeding, population divergence, and reduced genetic diversity within populations. Therefore, it is believed that the continuous loss of habitat and the increasing trend of fragmentation in Q. faginea forests over the next decades could have negative genetic impacts on this species. Moreover, forest fragmentation and loss might have significant ecological implications for species dependent on high-quality habitats situated in the interior regions of forest patches (Echeverria et al. 2006) . Given that the Q. faginea forests are nowadays highly appreciated in many Mediterranean environments as a consequence of being an invaluable habitat for outstanding biodiversity of plant and animal species, they have recently been of great interest for ecosystem conservation (Rey Benayas et al. 2005 , Kouba et al. 2010 . A decline in the amount of Q. faginea forests and increasing fragmentation of Q. faginea patches mean less habitats are available for a multitude of mammalian, bird, insect, bryophyte, and other species associated with these forests. For instance, Díaz et al. (1996) noted that fragmentation of oak forests might significantly reduce the winter carrying capacity of acorn-eating birds, such as common cranes (Grus grus). Also, on their study on the Pyrenean oak forests, Amo et al. (2008) revealed that the ancient conversion of oak forests to pine plantations altered the lizard community, with a loss of two typical species of oak forests (Psammodromus algirus and Lacerta lepida). Hence, the increase of fragmentation in Q. faginea forests could have substantial impacts on the flora and the fauna prevailing in the remnant Q. faginea forests. Accordingly, maintaining large forest blocks could be of great mandatory in the region not only to prevent this species from more inbreeding and population differentiation, but also to preserve species dependent on habitats situated interior of the remnant Q. faginea forests.
Conclusions
This study highlighted the impact of the anthropomorphic changes in land use on forest fragmentation and loss in a region, characterized with disruption of the structural integrity of the landscape due to the anthropogenic activities. The most important changes occurred in the spatial patterns of Q. faginea forests in the Central Pre-Pyrenees over the last 50 years were mainly reflected by the increase of forest fragmentation and isolation degree. These changes are particularly driven by the introduction of pine plantations and deforestation, associated with increasing the amount of croplands and pastures. These findings highlight the necessity to understand in detail the dependency between changes in human land use and degree of forest fragmentation. This could help decision-makers clarify their recommendations for land use planning and management, and also allow the facilitation of future forest landscape management and monitoring actions in this type of forests.
